Abstract Background/purpose: : Genetic polymorphisms in the vitamin D receptor (VDR) gene are related to the immune response and bone metabolism, both of which are implicated in the pathogenesis of periodontitis. This study was to investigate the association between VDR-gene polymorphisms and periodontitis among a Taiwanese Han ethnic population. Materials and methods: Ninety-two aggressive periodontitis (AgP), 385 chronic periodontitis (CP) and 163 healthy controls (HC) were recruited from dental clinics. Demographic characteristics and possible confounding factors were obtained using a self-reported questionnaire. The VDR rs731236 (TaqI), rs7975232 (ApaI), rs1544410 (BsmI), and rs2228570 (FokI) polymorphisms were genotyped using PCR-RFLP methods. Statistical analyses were applied to determine the associations. Results: The individual VDR polymorphisms were not associated with risk of AgP and CP. The f allele of rs2228570 was related to decreased risk for AgP. Subjects with TAbF (adjusted OR Z 7.2, 95% CI Z 3.2e7.2, p < 0.0001) or TAbf (adjusted OR Z 0.17, 95% CI Z 0.05 e0.48, p Z 0.002) combined polymorphisms were significantly associated with AgP. Subjects
Introduction
The vitamin D endocrine system is associated with many biologic responses including bone metabolism, modulation of the immune system, regulation of cell proliferation and differentiation. 1 The biological active form of vitamin D is an important immunomodulatory agent which activates monocytes, stimulates cell-mediated immunity, suppresses T-lymphocytes proliferation, reduce immunoglobulin production and cytokines synthesis. Vitamin D also can suppress proinflammatory responses, and enhance innate immunity, leading to a conversion of the Th1 immune response towards the Th2 profile. 2 The biological effects of vitamin D are exerted via the vitamin D receptor (VDR), a transcription factor in the nuclear receptor superfamily. VDRs promote the function of vitamin D and regulate the expression of many genes.
The VDR gene has several polymorphisms. Associations between VDR polymorphisms and susceptibility to periodontitis have been conducted in different settings and ethnic backgrounds ( Table 1) . The results obtained so far are conflictive. Among Chinese subjects, BsmI, ApaI and TaqI genotype distributions were not significantly different between generalized aggressive periodontitis (GAgP) and healthy control (HC), but the FF genotype of FokI polymorphism was overrepresented in GAgP. 3 Two studies reported that the Tt genotype of TaqI polymorphism might be associated with the risk of developing early-onset periodontitis (EOP) among Chinese. 4, 5 TaqI polymorphism was not associated with the susceptibility to adult periodontitis among Chinese. 5 Chinese subjects with the TT genotype and the T allele were more susceptible to severe CP, while BsmI, ApaI and FokI polymorphisms were not associated with risk for severe CP. 6 At the present time, information on the existence of VDR polymorphisms is limited to areas in the gene studied by using restriction fragment length polymorphisms (RFLP). A number of the currently known VDR polymorphisms have been depicted. 7 Among them BsmI-, ApaI-, TaqI-and FokIpolymorphisms have been investigated in relation to periodontitis. It is very important to analyze all known VDR polymorphisms and their interrelationships, since they will interact with each other to determine VDR expression and activity. 8 We were the first to examine the relationships between VDR BsmI, ApaI, TaqI and FokI polymorphisms/ haplotypes and the risk of susceptibility to CP and AgP among Taiwanese Han individuals.
Materials and methods
Determination of the sample size Genetic Power Calculator was utilized to estimate power calculation. 9 This sample size including 92 AgP, 385 CP and 163 HC had 80% power to detect susceptibility with a genotypic relative risk !1.5 at a significance level of 0.05 for a SNP with a risk allele frequency !0.36.
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Study subjects
This case control study consisted of 92 AgP patients (39 females, 53 males), 385 CP patients (170 females, 215 males), and 163 ethnically matched periodontal HC (86 females, 77 males). They were recruited from patients who visited the Department of Periodontics, Kaohsiung Medical University Hospital. All subjects had at least 18 teeth when they were enrolled in the study. Exclusion criteria included systemic diseases associated with destructive periodontal disease, such as diabetes mellitus, immunosuppression, human immunodeficiency virus infection and polymorphonuclear or monocyte defects determined via the questionnaire and medical history review. Subjects who had received professional prophylaxis or had taken antibiotics in the previous 6 months, were pregnant, were lactating, or were in need of antibiotic prophylaxis before periodontal treatment were also excluded from this study. The Institutional Review Board of Kaohsiung Medical University approved the study protocol. All subjects signed informed consents. The study subjects were diagnosed as having AgP, CP, and HC on the basis of clinical examinations of probing depth (PD) and attachment loss (AL), and radiographic patterns of alveolar bone destruction. The diagnostic criteria for AgP and CP were defined in accordance with the classification agreed on at the World Workshop for Periodontics and The American Academy of Periodontology. 11 Subjects who had more than eight teeth with AL ! 5 mm and PD ! 6 mm, at least three affected teeth other than first molars and incisors, and the severity of periodontal tissue destruction was not consistent with the amounts of microbial deposits were diagnosed as AgP. CP was indicated in subjects >35 years of age, with AL ! 5 mm at more than one tooth, more than three sites with PD ! 6 mm, and lesions involving more than two teeth in each quadrant. The level of attachment loss must appear consistent with the plaque level or local contributing factors. HC was indicated by no evidence of AL ! 3 mm and PD > 3 mm at more than one site. The recruited healthy controls were older than 35 years so that they could not be too young to have periodontitis. Subjects who still had the smoking habit or had quit smoking within the last 6 months before enrolling in this study were designated as current smokers. Former smokers were subjects who had quit smoking for at least 6 months.
Sample collection and DNA extraction
Twenty milliliters of heparin-anticoagulated peripheral blood were collected from each study subject. Genomic DNA was extracted 12 and concentration was determined by ultraviolet (UV) spectrophotometry.
Genotyping of VDR genetic polymorphisms
The rs731236 (TaqI), rs7975232 (ApaI), rs1544410 (BsmI) and rs2228570 (FokI) VDR genetic polymorphisms were genotyped using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. The primers and PCR conditions used to identify these four VDR SNPs are listed in Table 2 . The results of each genetic polymorphism were validated by performing repeat testing and direct sequencing on 20% of the subject pool selected by random sampling. No discrepancy was found. 
Statistical analysis
Statistical analyses were performed using a JMP statistical software package (SAS Institute, Cary, NC, USA). Comparisons of descriptive statistics among the three groups were expressed as mean (AESD) and within group proportions. Differences in the demographic factors of frequency distribution and numeric data among the three groups were tested using the c 2 -test and ANOVA test, respectively. The frequency distribution of the genotype and its allele frequencies in each group were compared by the c 2 -test. Homozygote major allele carriers were used as the reference category. To increase statistical power for the less frequent variant, the rare homozygotes were combined with the heterozygotes assuming a dominant effect. g 2 was calculated to estimate linkage disequilibrium for each pair of polymorphisms. Linkage disequilibrium was measured based on calculating D 0 using Haploview 4.1. The haplotype frequencies were determined by PowerMarker software V3.25. The risk association of genotypes/haplotypes/combined polymorphisms and periodontitis was computed by logistic regression analysis and expressed as an odds ratio (OR) with a 95% confidence interval (CI). Multiple testing among groups was corrected by Bonferroni method. To control the possible confounding effects, age, gender, and smoking status were used as independent variables of multiple logistic regressions for adjustment.
Results
The same population had been recruited for our previous studies (Ho et al., 2008; Ho et al., 2010; Chou et al., 2011) 13e15 to determine the susceptibility to periodontitis. Briefly, the demographic characteristics of the study subjects are presented in Table 3 . The gender distribution was similar for these three groups. The mean age of the AgP patients was significantly lower than the CP patients and HC. The frequencies of smoking habit were significantly different between CP and HC (p Z 0.001), and between AgP and HC (p Z 0.042). There were more CP patients to be current smokers. The probing depth and clinical attachment level in AgP and CP were significantly higher than those in HC (p Z 0.01).
The genotype frequencies of each of the VDR polymorphisms did not deviated from the HardyeWeinberg equilibrium (p Z 0.79, 0.99, 0.25, and 0.85 for rs731236, rs7975232, rs1544410, and rs2228570, respectively). In AgP patients, the genotype distribution of rs2228570 (FokI) was borderline-significantly different (p Z 0.007) from the HC (Table 4) . When the minor allele frequency of rs2228570 was compared between AgP and HC, the frequency of f allele was significantly lower in AgP (adjusted OR Z 0.57, 95% CI Z 0.39e0.82, p Z 0.003). The frequencies of genotype and minor allele of the other SNPs were not significantly different between AgP and HC. In CP patients, logistic regression analysis showed the genotype distributions and the minor allele frequencies of the investigated four SNPs were not significantly different from the HC ( Table 4) .
The linkage disequilibrium coefficient (r 2 ) and D 0 value was measured to determine the linkage disequilibrium between these four VDR SNPs. The plot shown in Fig. 1 identified significant linkage disequilibrium between rs731236 and rs7975232, and between rs731236 and rs1544410. The linkage disequilibrium between rs2228570 and the other three SNPs was weak. VDR haplotype comprising rs731236 and rs7975232 did not demonstrate greater effect on risk for AgP and CP than the individual genotype (data not shown).
Fifteen different combined polymorphisms were identified after analyzing combinations of the genotype Vitamin D receptor gene polymorphisms and periodontitisfrequencies for the 4 VDR polymorphisms. The AgP had 12-, CP had 13-and HC had 10 combined polymorphisms. We selected the combined polymorphisms of higher frequencies (Tabf, TabF, TAbF, and TAbf, ranging from 33% to 8%) for further analysis (Table 5 ). These four combined polymorphisms were not associated with risk for AgP. The Tabf combined polymorphism had a positive correlation with the risk for CP (adjusted OR Z 1.69, 95% CI Z 1.28e2.27, p Z 0.0003). The TabF and TAbf combined polymorphisms had a negative correlation with the risk for CP (adjusted OR Z 0.50, 95% CI Z 0.33e0.75, p Z 0.001 and adjusted OR Z 0.36, 95% CI Z 0.20e0.65, p Z 0.001, respectively). The TAbF combined polymorphism was not associated with the risk for CP. Table 5 also shows the individuals with one or two copies of TAbF could have increased risk for AgP (adjusted OR Z 7.19, 95% CI Z 3.21e7.20, p < 0.0001); individuals with one or two copies of TAbf could have reduced risk for AgP (adjusted OR Z 0.17, 95% CI Z 0.05e0.48, p Z 0.002). Subjects with one or two copies of Tabf (adjusted OR Z 2.58, 95% CI Z 1.76e3.80, p < 0.0001), or TAbF (adjusted OR Z 4.42, 95% CI Z 2.57e8.07, p < 0.0001) could have increased risk for the development of CP. Individuals with one or two copies of TabF (adjusted OR Z 0.36, 95% CI Z 0.24e0.53, p < 0.0001), or TAbf (adjusted OR Z 0.45, 95% CI Z 0.28e0.73, p Z 0.001) could have a decreased risk for the susceptibility to CP.
Discussion
Our results revealed that: (1) the individual polymorphism was not associated with susceptibility to AgP and CP; (2) the f allele of rs2228570 was associated with reduced risk for developing AgP. The studied individual VDR polymorphism was not related to risk for CP. The results differed from the report by Deng et al. 16 which showed CP had a significantly lower frequency of bb genotype of BsmI, higher frequency of AA genotype of ApaI, and TT genotype of TaqI; but no significant difference in any genotype of FokI. We showed no association of VDR gene polymorphisms with AgP. It was in consistent with the results of Deng et al. 16 Another metaanalysis indicated that mutant allele t of TaqI locus may be a protective factor for CP, but not for AgP; the mutant allele F of the FokI locus appeared to be a risk factor for AgP rather than CP; BsmI and ApaI polymorphisms were not associated with the susceptibility to periodontitis. 17 We also found the f allele of FokI polymorphism was associated with reduced risk for AgP, but not for CP. In contrast to this recent meta-analysis, our study indicated that TaqI was not related to the susceptibility to periodontitis. The allelic distribution of TaqI polymorphism found in the present study was comparable to that reported in the published study for Chinese. 5 However, TaqI-RFLP was not associated with the susceptibility to AgP and CP in our sample. This differed from the previous association studies that showed TaqI polymorphism was linked to EOP and CP susceptibility ( Table 1 ). The carriage rate of VDR TaqI t allele was quite different between different ethnic populations. The t allele was not associated with susceptibility to periodontitis in our subjects; however, this might be relative to the very low carriage rate of the t allele in Taiwanese.
The FokI SNP is a functional polymorphism in the start condon at the 5 0 promotor region of the VDR gene. The stronger interaction of the F allele with transcription factor can translate stronger signaling messages for bone resorption and inflammation. These findings might explain why the FF genotype and F allele had positive associations with the risk for the susceptibility to periodontitis. To our knowledge, the biological effects of FokI-polymorphism on periodontal tissue remain unknown.
In a study about BsmI SNP effect on VDR level showed the B allele was associated with higher VDR levels. 18 In contrast, other studies reported BsmI SNP did not affect either the VDR mRNA level 19 ) or VDR function. 20 The TaqI genetic variant effects on the mRNA stability have been evaluated. So far, the results are conflictive. Individuals with tt genotype had significantly lower levels of both VDR mRNA expression and protein and stronger inflammatory responses. The b, a, and T alleles and baT haplotype were associated with lower VDR mRNA levels. 21 The B, t and F allele of BsmI-, TaqI-and FokI-polymorphisms were highly responsive compared to b, T, and f alleles. VDR BB, tt, and FF genotypes and composite genotype BBAAtt, and haplotype BAt are associated with the increased expression of VDR. 22 Previous studies reported that the haplotype or combined VDR polymorphisms might affect VDR expression 18, 21, 22 consequently might predict periodontitis. In Caucasians, the rs731236 is in strong linkage disequilibrium with the rs7975232 and rs1544410, while rs2228570 site appears to be an independent marker. Our subjects demonstrated the same result of linkage disequilibrium analysis. The VDR haplotypes comprising rs731236 and rs7975232 did not associate with risk for AgP and CP, while the combined polymorphisms did demonstrate greater effect on risk for CP than the individual genotypes. Carriage of Tabf was related to the increased risk of CP. TabF and TAbf were associated with decreased risk of CP. In conclusion, the present study used a candidate gene approach and replicated previous studies in different populations (Table 1) . A future well-designed genetic study with large and sufficiently powered case-control samples to identify genetic variance in periodontitis is necessary. 7, 23 Nevertheless, our present investigation supports the potential effects of VDR polymorphisms on CP and AgP in a Taiwan population; however, the pattern of association was different between the two diseases. The f-allele of rs2228570 might be the genetic protective factor against the development of AgP. 
